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Aircraft Division, under Contract DAAJ02-71-C-0009. 

The program wati a flight investigation of wing-mounted speed brakes as 
installed on the S-67 winged hel^pter.  A computer simulation study 

was included to determine the effects of increased brake area, variable 
stabilator bias angle, and asymmetric brake deployment.  This program 
is one of four flight investigations conducted on the S-67 winged heli- 
copter.  The other three flight investigations were concerned with a 
stabilator, a force-feel control system, and aircraft maneuverability. 

The wing-mounted speed brakes on the S-67 aircraft increase the dive 

angle and reduce the fuselage attitude relative to the flight pa'h. 
At 140 knots airspeed, the increase in dive angle varies from 5 to 7 
degrees dependent upon the initial dive angle.  At 160 knots, the 

increase in dive angle varies from 8 to 9 degrees.  The aircraft dive 
angle may be further increased by allowing the aircraft to accelerate 
during the dive.  The amount of nduction in fuselage angle relative 
to the flight path varies from 4 to 5 degrees for all airspeeds above 
120 knots.  The speed brakes enable the S-67 aircraft to be decelerated 
in level flight from 180 to 140 knots in 9 seconds as compared to 24 
seconds without the use of brakes. 

The report has been reviewed by this Directorate and is technically 
correct. 

This program was conducted under the tecl.nical management of Mr. R. t. 
Dumond of the Applied Aeronautics Division. 
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ABSTRACT 

Under Contract DAAJ02-71-C-0009, Sikorsky Aircraft conducted flight tests 
and computer simulations to evaluate speed brakes for a winged helicopter. 

The flight test program established the effectiveness of wing-mounted 
speed brakes for increasing dive angle, deceleration capability, and 
maneuverability of thi  Sikorsky S-67.  In the configuration tested, six 
brake surfaces operated together to increase aircraft drag by 155% while 
reducing wing lift.  With these speed brakes, dive angles could be in- 
creased from 5 to T degrees at 1^0 knots dependent upon the initial dive 
angle.  At l60 knots, the increase in dive angle varies from 8 to 9 
degrees.  These increases in aircraft dive angle due to speed brake ex- 
tension can be further increased by allowing the aircraft to accelerate 
during the dive. 

Dive characteristics with and without speed brakes extended were obtained. 
A dive envelope defined by control and airframe stress limits was estab- 
lished that provided a broad dive envelope of forward speed and collective 
settings to achieve various dive angles. 

Above dive speeds of 120 knots, th- brakes caused a decrease in fuselage 
attitude to the flight path of i* to 5 degrees, for a given dive angle. 
This, coupled with the steeper dive angles, improves the aircraft's 
capability as a weapons platform. 

Speed brakes enabled constant-altitude deceleration from l80 to ihO  knots 
in 9 seconds as compared to 2U  seconds with a clean wing. 

The computer simulation program examined increased brake area, variable 
stabilator bias angle, and the consequences of asymmetric brake deployment, 
Steady dive angles of 30 degrees or more were possible with increased 
brake area.  Following any configuration of asymmetric brake deployment, 
there was always sufficient roll control power to restore and hold' trim, 
although some deceleration occurred due to colU-tive and/or power limits. 

1 1 1 
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FOREWORD 

This   report presents  results  of flight  tests   and  computer simulations  to 
investigate  the  effectiveness  of speed  brakes   for  increasing dive  angle, 
deceleration  capability,   and maneuverability  of  the f-t-'T  aircraft.     This 
program is  part of a four-phase  investigation  of the   flight  characteris- 
tics  of  the S-6T  aircraft as  a representative  high-speed winged helicopter. 
Investigations  of the stabilator,   aircraft maneuverability,   and a Feel 
Augmentation System  (FAS)   are also  part of the   flight  investigation  of the 
S-67.     Tne  FAS   is   a system to  provide  "force-feel"   in  pitch. 

The work was   performed by  the Sikorsky  Aircraft  Division  of United  Aircraft 
Corporation   for  the U.S.   Army Air  Mobility Research  and Development 
Laboratory,   Fort Eustis,  Virginia,   under  Cents act  DAAJ02-T1-C-0009,   LA  Task 
iFlb320iiD15T014.     Mr.   R.   C.   Dumond was   the  Arrr.v   tech:.lea1   r^r r^.-^: -i* ■'■•• 
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.-"ST OF SYMBOLS 

lateral cyclic control, % 

Icngitudl : cyclic control, % 

stabilator incidence angle, deg 

main rotor speed, rpm 

required engine torque, % 

■ate of descent, fom 

required shaft horsepower, hp 

forward speed, kt 

maximum level-flight forward speed, kt 

fuselage angle of attack, deg 

fuselage sideslip angle, deg 

dive angle, deg 

tail rotor blade pitch, deg 

fuselage pitch attitude, deg 

main rotor collective control, % 

main rotor collective blade pitch, :og 

fuselage roll attitude, deg 
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INTRODUCTION 

Experience with hi^h-perfcrmance helicopters has indicated that aerodynajnic 
speed brakes would improve control characteristics: and maneuverability. 
They should reduce aircraft acceleration in a dive as well as reduce wing 
lift.  This would } •rmit steeper dives and rapid decelerations. 

Wind tunnel testinr of the aerodynamic effects of speed brakes resulted in 
the present arrangement of six unperforated panels mounted on the wings of 
the S-67 aircraft. 

The speed brakes on the S-6T aircraft were evaluated in flight tests to 
determine their effectiveness for increasing dive angle, deceleration 
capability and maneuverability on a high-speed winged helicopter.  The 
test results were correlated with a computer simulation study, and the 
simulation was used to predict the effects of different brake areas, sta- 
bilator bias angle and asymmetric brake deployment. 

.-:■»■. 
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DESCRIPTION CF AIRCRAFT 

The S-67 demonstrator is a high-speed derivative of the Sikorsky SH-3D 
helicopter.  A view of the aircraft is presented in Figure 1. The low-drag 
airframe was designed to meet requirements of an attack mission. The cock- 
pit is arranged in tandem,with the gunner in the forward seat and the pilot 
in the aft, elevated seat. The pilot has visibility down to minus 15 degrees 
over the nose.  Two T58-GE-5 engines are mounted in the main rotor pylon 
above the fuselage center section. 

Main rotor hub, tail rotor, drive system, and transmission sj-stems are all 
SH-3D dynamic components.  The main rotor has five S-61F blades, each with a 
twist of -k  degrees.  The 22-inch blade tips are swept back 20 degrees to 
delay tip Mach number effects.  The control system uses SH-3D components and 
the CH-5H automatic flight control system. 

The fixed-wing type control surfaces include a stabilator, a fixed vertical 
stabilizer, and sponsons with stub wings for additional lift . The tail 
wheel is attached to the base of the ventral fin, and the retractable main 
landing gear is housed in the wing.  The wing panels have speed brakes to 
control dive angle and increase deceleration capability.  Flight control 
sensitivities are listed in the table below. 

FLIGHT CONTROL SENSITIVITIES 

Servo Travel Blade  Pitch       £ tick/Pedal Blade  Pitch 
per  Inch per  Inch Travel 

fin.) 
Travel 

(der) 

Longitudinal  Cyclic 1.2 1.1 ll 2h 

Lateral  Cyclic 1.2 l.h H. 10 

Pedals ?U.6* 7/15 
(Tail   Rotor) 

4.07* 31.': 
(l-iil  F.otor) 

Collective 10. r; 1.7 9.r' 16 

* Working  range,   al 

.    _. 

cotiSlant  collectiv e 
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»»»»mil ^ii^imppi^Pin^^WiliiiiiiiiiqiPiii 

■ 

Principal  dimensions  and general  data for the  3-6?  aircraft  are  as   follows 

Main Rotor 

62  ft Diameter 

Normal  Tip Speed  {I0k%    N   ) 

Disc Area 

Solidity 

Number of Blades 

Blade  Chord 

Blade Twist 

Airfoil Section 

Articulation 

Tip Sweep 

Tail Rotor 

Diameter 

Tip Speed 

Disc  Area 

Solidity 

Number of Blades 

Blade Chord 

Blade Twist 

Airfoil    Section 

Pitch Flap  Coupling 

686   ft/sec 

3019   ft" 

0.0781 

5 

1.52  ft 

-k   de g 

NACA 0012  MOD 

Full Flapping and  Lagging 

20  deg 

10  ft  I»   in.* 

700   ft/sec 

83.9   ft2 

0.1885 

5 

0.612  ft 

0  deg 

NACA  0012   MOD 

^5   dog 

*    During  flight  tests,   diameter was  increased   3  in.   to   10   ft 
increase lateral  low-speed  flight  capability. 

in.   T.o 
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Fuselage 

Overall Length 

Overall Height 

Overall Width 

Wheel Tread 

Wheel Base 

Stabilator 

Root Chord 

Tip Chore' 

Taper Ratio 

Area 

Span 

Aspect Ratio 

Airfoil (Root) 

Airfoil (Tip) 

Vertical Fin 

Root Chord 

Tip Chord (Upper) 

Tip Chord (Lower) 

Taper Ratio (Upper) 

Taper Ratio (Lower) 

Total Area 

Aspect Ratio 

Airfoil Section 

Wing 

Root Chord 

Tip Chord 

Overall Span 

Total   Exposed Area 

Incidence 

Dihedral 

Quarter Chord Sweep 

Taper Ratio (Exposed) 

Aspect  Ratio 

Gk   ft 1 in. 

16   ft 3 in. 

27   ft U in. 

T   ft 

36   ft 2 in. 

14 ft  2  in. 

2   ft 

O.I48 

50   ft2 

15 ft  6  in. 

li.8 

NACA 001S 

NACA 0012 

T   ft  6   in. 

2 ft   10   in. 

3 ft  9   in. 

0.62 

0.5 

68.7  ft2 

2.65 

NACA 1*1*15 

1*   ft  6   in. 

1   ft   11.5   in. 

27   ft   1*   in. 

58   ft2 

8  deg 

10  dog 

10  deg  1-5 min 

O.I4I4 

8.0 

m Hit l 



Wing (cont'd) 

Airfoil reeller. 

Airfoi1 Ser' i or 

oo t 

Propulsion System 

Engines 

Takeoff Power   (Zn   h) 

Militar-y  Power 

Normal Power 

Transmission  Rat. .,g 

Loading Conditions 

Empty Weight* 

Maximum Gross   Weight   Flown 

Maximum Gross  Weight   Capability 

Centei^-of-Gravity  Range 

«Ml A   ■• " l j 

''ACA  ■'■ ■ ]. 

Tvo T58-GE-'3 

1500 }:r 

UOO  HP 

1250  }{P 

2B00  HP   (ill?  «•iigine   torqu 

IC^OO lb 

1^)00 It 

21,800 lb 

258  in.   to 276  in. 

■Aircrnft  leou   ^ol .  p^lond.  ani crZT. 

m 
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Initial  wind   tunnel   trstin^ of  u one-twell'th  scalr  modf-l  of  tlu- S-dT 
evaluated an  aerodynamic  braking  surface  attached   to   the  main   landing 
gear   (Reference   l).     Fvaluation  of  other speed  brake   locations   (fuselage, 
wing,   ana  ventral   fin)   indicated   that wing-mounted  surfaces  wer»«   the most 
el fectlvi .ni   tunnel   aata predicted  an   increase rs in   total   air- 
craft   drag  at   zero   fuselage   incidence.     Moreover,   wing   lift   could   be 
reduced   for  better  autorotation   characteristics,   and   for  roll   control 
through  asymmetric  deployment. 

Figure  J   shows   the   location   and   dimensions   > f   the   ;"-'   '   speed   hrakes. 
Kigui-es   3  and  '-   show   in-flight   front   views   jf  the   aircraft   clean   and wit!, 
brakes   extended.     The   unperforated   brake   janels   lie   flush  with   th-   winp 
surface  under  normal   flight   conditions,   and  extend   to   a  position   at   right 
angles   to   the  wing   chordline.     All   brake   surfaces   ar--   actuated  by   a  singl'1 

hO'draulic  a-tuator.     Normal   time   for  cpcr.inp;  or   closing  brakes   is   1 .r' 
seconds.      T.'.e   actuator   control   is   n.   t.'.e   ji lot's   collective   stick,   (tnd   th« 
emergency   retraction   switch   la   en   •!•.-•  emer^.-ncy   la^-el   C-igur-  ' '. 

Wind   tunnel   data   ai-<-   presented   in 
wing   and  speed   brakes     :.   •    •n'.   aircra! .chin»-*  aoment,   and   Irag, 
as   a   ; un c 11 o: -:'' e . age    ;i' i 1 

mm&timmmmmm m^ttfumummdutm 
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-■:"  pn ;::;   w.-:,-|.- Listed  below   are   •he   cor.bi r.dt iv 

iccu* io:.;;   that   W-TC   flo^T..     A   frrviirl   •'•I.,'T 

weight,   wua   no*    f.   VT    locuußf   it   coulü   or.ly   :■      ;-.i.: 
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One decelerating left turn was performed from IbO knots to 100 knots, 
using speed brikes.  Deceleration time was 10.6 seconds, including a 
1.2-second deliy after brake extension before rolling into the turn. 
Bra^e retraction was initiated after passing bO-degree bank, which in- 
creased pitch rate and load factor.  Thereafter, aft cyclic aid down 
collective were employed to complet? the maneuver.  Mean turn radius was 
530 feet.  Main rotor pushrod loads were at approximately the some level 
as on previous turns, but stationary control loads were 50-60% higher. 

COMPUTER SIMULATION ;u* 

Appendix II describes the computer simulation and shows the comparison of 
simulation data with flight lest data.  The simulation was used to predict 
the effects on dive characteristics of increased brake effectiveness and 
stabilator bias angle, and to briefly study asymmetric brake deployment. 
The light aft load :ondition (2) was used, with a stabilator bias angle 
of 2.5 degrees. 

Increased broke Effect /eness 

Figures 1^ and 15. previously mentioned, show dive angle and fuselage 
angle of attack information developed at tne l'*,600-lb aft (#2) load 
condition with and without speed brakes.  Figures 15 and 22 illustrate 
tne effects of increasea ira/." effectiveness.  Additional brake area 
should be located en tne lower ventral fin, where drag forces would 
align the airframe tc the flight pat:,  ana tart ixence would not impinge 
on any control surfaces.  The simulation results sh~v that a dive angle 
of 30 degrees is possible a*, l6ü /.not,s.  Also, the 
further reduces variation ::. fuselage tuigle of attack 

.creased brake area 

;,: : e: . t at.. 1 a*. 

je^age   attitude,    .if ,was 
varied witn 
.mum  tcr ;ue 

. ne 
trimmed dive and 
13 degrees at mi 
by up to - degrees !Figure 
greater pitch control :an t 

se up relative to the flight path in a 
speed and rate of descent, reaching about 

Tne s; eed brakes reduced angle of attack 
, at a given Jive angle and speed, but 
ot'nir.ed by varying stabilator bias angle. 

. he divp j.'.arocterist; _• 
stabilator   "..as   angle 
neutral   position,   rathe 
determine   m.y   sig.'.ifija 
or.d   2 3,   ar.g 1 o   of   a",ta ■ f. 
bittfl   in   Increased   fron. 
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>   jogre'-s   leading  edge   up,   relative   to   the 
Lhai.   the   . . S-degree   flight   test  bias   angle,   to 
c.-.ar.ge   In   angle   of  attack.     From   Figures   ;5 
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Asyinmetric Deployment 

A short study was conducted to predict the consequences of asymmetric 
speed brake deployment due to actuator malfunction.  The simulator was 
used to determine controllability in high-speed level flight with every 
configuration of extended brake surfaces.  Identification of the six 
brake surfaces is consistent with the original wind tunnel nomenclature 
Reference 1, and is shown in Figure 2k. 

Because of the asymmetry of lateral/directional control, the ability to 
trim the aircraft differs when considering left or right brake extensions. 
The simulations showed that when brakes are asymmetrically deployed, at 
forward speeds up to l80 knots, there is always sufficient rolx control 
power to retrim the aircraft, although some deceleration will occur due 
to available power and/or collective limits.  For example, if surfaces 
1, 2, and 5 are opened at a forward speed of l80 knots, while 3, k,  and 
6 remain closed, the aircraft will decelerate to about l60 knots because 
of the engine power limit, with the pilot able to restore and hold the 
aircraft at zero roll angle.  At entry speeds below ll+5 knots, trim can 
be restored at the same speed following any configuration of speed brake 
deployment. 

13 
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CONCLUSIONS 

The win£-mounted speed brakes on the 3-6? aircraft Increase dive angle 
and induce the fuselage attitude relative to the flight path (fuselage 
angle of attack).  They permit increases in dive angle- from 5 to ? 
degrees at jkQ  knots dependent upo.- the initial dive angle.  At l6o 
knots, the increase in dive angle varies from 8 to 9 degrees.  The 
increases in aircraft dive angle due to speed brake extension can be 
further increased if the aircraft is allowed to accelerate in the dive 
For dive speeds greater than 120 knots, the fuselage angle of attack is 
reduced  i4 to 5 degrees by extending the speed brakes.  The increase in 
dive angle and/or the reduction in fuselage angle of attack while 
maintaining airspeed by the use of speed brakes improve the 3-6? 
aircraft's capability as a weapons platform. 
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APPENDIX  II 

COMPUTER  SIMULATION  STUDY 

DESCRIPTION 

The  General  Helicopter Simulation Program described in Reference h was 
adapted  to  Sikorsky  , ircraft's  PDP-IO  digital  computer to  simulate the  S-6T 
The  six-degree-of-fn ^doir. simulation  used a rotor model with a rigid five- 
bladed   four-segment er'  blade  element   analysis   including the  rotor flapping 
uegree of  freedom.     Nwlinear  st.   - .y-state  rotor blade  airfoil  section  aero- 
dynamic  data were  used that  include  the  effects  of stall  and compressibility. 
Two-dimensional   flew was  assumed at  each section of the blade. 

Wind tunnel  data  from a one-twelfth scale model test of the  3-6?,  Reference  1 
were used to  describe  the   force  and moment  contributions  of the combined 
wing,   fuselage,  stabilator,  and vertical tail.     Speed bralce contributions 
to the aircraft   forces  and moments were  incorporated as  additional  components 
to those  for  the basic  aircraft.    The wind tunnel data included the effects 
oi   aircraft   angle of attack and stabilator incidence on lift,  drag,   and 
pitching moment. 

CORRELATION  WITH   FLIGHT TEST   DATA 

Hover / 

In hover, two adjustments to the simulation were necessary to obtain 
satisfactory correlation. Main rotor blade twist was increased by 2 degrees 
and a 2-inch lateral center-of-gravity shift to the left was applied at the ' 
light gross weight conditions. 

The S-67 rotor blades show some degree of aerodynamic twisting with the 
^O-degree swept tips.  Under normal trimmed flight conditions, the blade 
loadings are high at the blade tip.  Since the center of pressure of the 
swept tip is behind the blade torsional axis, aeroelastic twisting results. 

^e lateral center-of-gravity offset to the left brought the trim lateral 
cyclic requirement into agreement with flight test data.  This center-of- 
gravity offset is expected, since the tail rotor and the vertical tail are 
positioned to the left of the aircraft centerline. 

Forward Flight 

In forward flight, the blade aerodynamic twist correction for collective 
pitch correlation varied with speeds above 80 knots.  Above this speed the 
correction diminished linearly to -0.5 degree at 182 knots.  A leading-edK&- 
up s:abilator bias angle correction of 2 degrees was needea to correlate 

jr'n^nft   CyC-iC and airCraft attitude-  ^ ^ due to some inaccuracies 
In predicting main rotor downwash at the stabilator. 

1+1 

i^t^^^XVicVi,**^^ 



InTll  ^.S^WS the reSults of the correlation in hover and forward flight 
for the light-gross-weight aft-center-of-gravity condition, with spepd 
brakes retracted and zero stabilator bias angle.  Specific flight test 

Tr-lTl  Were+
Si^fted using the Proper gross weight and density altitude. 

From hover to 80 knots, the simulation points are connected by a dotted 
line to indicate that no correlation was attempted in the low-speed regime. 

At high speed, the rotor model requires extremely high power at moderate 
rotor stall.  This is because two-dimensional flow at the rotor blade 
section was used, omitting the spanwise component. 

To correlate flight test values of longitudinal cyclic and aircraft pitch 
attitude m forward flight with speed brakes extended, a reduction in the 
pitching moment was aecessary, equivalent to that produced by 9  square 
leet or drag area.  The wind tunnel model speed brakes were fixed flush to 
a solid wing, whereas the extended brakes on the 3-6? leave a hole through 
the wmg and a 1-inch slot between the brake panel and the wing, as shown 
m Figure 2.  The resulting aerodynamic inconsistencies between wind tunnel 
and flight test conditions, and the shortcomings of the rotor model men- 
tioned above, hindered exact simultaneous correlation of aircraft attitudes 
control quantities and rotor power in level flight. 

Figures 2? through 29  show the results of the correlation for different 
gross weights, center-of-gravity positions, and stabilator bi-ses. 
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